Various methods have been employed for the classification of lakes and to indicate their trophic status. The most commonly and widely used method is based Abstract: Due to rapid growth of population coupled with urbanization, the water bodies, especially, rivers, lakes, ponds, reservoirs etc are deteriorating due to heavy pollutational stresses resulting in the scarcity of drinking water resources. The present paper attempts to review the work done on the development of TSI for assessment of trophic state of lakes and applicability of most important TSI methods for Indian lakes. The paper also deals with the revival of Mansi Ganga Lake in Mathura, especially, assessment of its trophic state based on the data collected for 2006-09. The results indicated that the lake was oligotrophic during 2006 which has become mesotrophic in the year 2008 showing increase in pollution. After the chemical treatment for the removal of algae, the lake water was drained and results of sampling done in 2009 (pre-monsoon) indicated it to be eutrophic. This calls for its immediate revival and accordingly, the conservation measure are suggested.
Introduction

L
akes are important feature of the Earth's landscape which are not only the source of precious water, but provide valuable habitats to plants and animals, moderate hydrological cycles, influence microclimate, enhance the aesthetic beauty of the landscape and extend many recreational opportunities to humankind. The lakes are also used for drinking, irrigation, fishing, eco-toursim etc apart from the above advantages.
The different problems of the lake include excessive influx of sediments from the lake catchment, discharge of untreated or partially treated sewage and industrial waste waters/ solid waste, entry of diffused nutrients source from agricultural and forestry, improper management of storm water, over abstraction, over-exploitation of lake for activities like recreation, fishing, encroachments, land reclamation etc causing lake water shrinkage, shoreline erosion and impacting the lake hydrology, deteriorating water quality, impacting bio diversity, bringing climate changes etc. There is, therefore, an immediate need to know the pollution status of a lake at given time so that necessary conservation activities may be undertaken to regain/improve the health of water body. This can be done by measuring trophic state index (TSI) to know its trophic state.
The estimation of TSI requires six physical, chemical and biological parameters including total phosphorus (TP), total nitrogen (TN), chemical oxygen demand (COD), Secchi disk depth (SD), chlorophyll-'a' (Chl-a) concentration and phytoplankton biomass (CA) to know the eutrophication state of the lake environment. During 1960-70, a number of researchers have made attempts to quantitatively evaluate the trophic state of lakes using single-variable trophic indices or multi-parametic approaches (Vollenweider 1968 , Dobson et al 1974 , Schindler 1977 , Chapra 1980 , Ritter 1981 , Gregor and Rast 1982 , Persson and Jansson 1988 , Thornton and Rast 1988 , Cobelas et al 1992 , and Boers et al 1993 . The single-variable trophic indices can be divided into abiotic and biotic aspects. Among the abiotic parameters, plant nutrients (phosphate, nitrate), oxygen demand (BOD, COD) and transparency were usually used to assess lake trophic levels. Rosenberg and Resh (1993) employed the biotic parameters to assess lake trophic conditions given the sensitivity of aquatic organisms, especially algae and macro-invertebrates, to eutrophication processes. Shannon and Brezonik (1972a and b) , Carlson (1977) and Cruzado (1987) studied the multidimensional nature of the eutrophication and reported that no single variable can represent status of eutrophication of given water body
The contributions of Carlson (1977) , Walker (1979) and Porcella et al (1980) offer a 0-100 scale providing continuous numerical classes of lake trophic states and a rigorous foundation for quantitative studies of the mechanisms behind the eutrophication. The TSI based on several biological, chemical and physical indicators is offered by Carlson TSI. Carlson (1977) , Walker (1979) and Porcella et al (1980) along with Aizaki et al (1981) , Jin et al (1990) and Swanson (1998) provided the most suitable and acceptable method for evaluating lake eutrophication status. As such, no TSI has been developed in India but Carlson's TSI is largely adopted and applied to the Indian lakes.
The present paper reviews the two most important TSI used for assessing the trophic status of lakes, especially, Indian lakes, and have been applied to Mansi Ganga Lake in District Mathura of Uttar Pradesh state based upon the data collected from seven different locations over a period of three years. The results indicate that the status of the lake is gradually shifting from oligotrophic to mesotrophic and to eutrophic state. Conservation measures have also been suggested in this paper. on productivity, and the frequently used biomass related trophic state index is that of Carlson (1977) . Further, the U.S. Environmental Protection Agency (EPA) developed indices based on macrophyte cover and DO depletion over the whole lake. The TSI for total nitrogen (TN) was developed by Kratzer and Brezonik (1981) for Florida lakes. Mandaville (2000 Mandaville ( , 2005 studied the trophic state of shallow lakes and ponds using Carlson's Index and used the macrophytes to assess a numerical trophic state index for lakes on a scale of 0 to 100. Each major division (10, 20, 30, etc.) represents a doubling in algal biomass. The index number can be calculated from any of the several parameters including Secchi disk transparency, chlorophyll and total phosphorus (Carlson 1980) .
A modified version of the BonHomme Index was developed for Indiana in 1972 (Johns 1998 Sandeep (2008) also worked on the TSI in the conservation of lakes using Carlson's Trophic Index and found that TSI is an important aspect of lake survey and is an aspect of water quality and can be used as tool to measure trophic state where biomass is involved. Ludovisi and Poletti (2003) used ecological indicators for the trophic state of lake ecosystems and found that energy and specific energy indices have good negative correlation with phytoplankton biomass and Carlson's Trophic State Index (TSI) and strong positive correlation with respect to water transparency.
From the above literature, it is seen that Carlson's Index has largely been used to assess the trophic status of lakes in almost all the countries including India. As such no reports are available on the development of TSI system for Indian lakes but Carlson's TSI is presently used to assess the status of lakes in India.
Trophic State Index (TSI)
The trophic status refers to the level of productivity in a lake as measured by phosphorous, algae abundance and depth of light penetration. TSI rates individual lakes, ponds and reservoirs based on the amount of biological productivity occurring in the water. Using the index, one can get a quick idea about the extent of productivity of a lake (Hillsborough 2008) . TSI values can be used to rank lakes within a region and between the regions. This ranking enables the water managers to target lakes that may require restoration or conservation activities. An increasing trend in TSI over a period of several years may indicate the degradation of the • A multivariate TSI using analysis of principal components.
• Variables used are annual mean for conductivity. inverse SD. TP. total organic nitrogen, and algal assay. • A multivariate index using a percentile ranking procedure.
• 250 lakes sampled in 1973 were assesd using the TSI.
• The TSI is equal to the sum of the percentile ranks for each parameter used (annual mean of TP, inorganic nitrogen, dissolved orthophosphorus, SD, chlor 'a' and minimum DO • Based on the available information and findings, based on the tolerance of organic pollution, the value of assigned a number, moderately tolerant form, to 5 for extremely tolerant and, to 20 for algal general 11 Palmer algal species organic pollution index Palmer 1969 • Similar to Palmer genus OPI except index numbers range from I to 6 and species are used health of a lake. Table 1 reviews the different types of TSI developed and the corresponding main lake characteristics.
Methods to Determine the TSI
Numerous method have been developed to measure the trophic state (TS) of lakes. Twenty-nine different methods commonly used were compared with respect to their ability to measure TSI of lakes. Most of the methods have been found more effective in ranking the lakes using the total phosphorus standard compared to chlorophyll 'a' standard (Lambou et al 1983) . A number of authors have used different methods in the literature to determine the TSI of lakes (Boland 1976; Dillon 1975; Dillon and Rigler 1974; Larsen and Mercier 1976; Naumann 1931; Nygaard 1949; Palmer 1969; Pielou 1966; Shannon and Brezonik 1972; EPA 1971 EPA , 1974a EPA ,b and 1975 and Vollenweider 1975) .
Out of these methods, the following two most important and popular TSI method selected for the present study are given below. Carlson [15] developed TSI and water quality index for lakes and rivers respectively as given in Table 2 and the Indiana TSI is given in Table 3 .
Carlson's Trophic Status Index and water quality
The following equations can be used to compute the Carlson's TSI .
where TP is total phosphorus, chlor 'a' is chlorophyll 'a', SD the sechhi depth
Trophic status index and water quality of Indiana
The Indiana trophic state index has a eutrophy points represented by total phosphorus, chlorophyll, nitrogen, DO and sechhi depth (Johns 1998) . The TSI scores and trophic state of Indiana TSI is given in Table 3 . To add the Eutrophy points of TP, TN,SD, DO and feacal, the status of lake can be computed on the basis of TSI Score and the details provided in (Johns 1998 ).
Revival of Mansi Ganga Lake -A case study About Mansi Ganga lake (MGL)
Manasi Ganga Kunda is traditionally the starting and ending point of the circumambulation of Govardhana Hill. In Mathura-mahatmya, the tradition is to take bath in Manasi Ganga and then visit Harideva before the beginning of Govardhana parikrama. This kunda is considered a million times more potent than Ganges River as by taking bath in Ganges River, one can get "Krishna prema," love of Krishna. Manasi Ganga is considered to be the neck of Govardhana. It is the believed that both Radharani and Krishna would have boated in this lake. Figure 1 is the photo of Mansi Ganga Lake at Goverdhan (Mathura,UP). A Google map of the lake shown in Figure 2 also indicate the sampling locations for water samplings.
There are several important places on the banks of Manasi Ganga or nearby like Harideva temple, Manasi Devi temple and Brahma Kunda. On the other side of Manasi Ganga, other places in the same area are Chakra Tirtha, Chakaleswara Mahadeva Temple and Sanatana Gosvami's bhajana kutir. The Mukharavinda temple is close to the Govardhana parikrama road on the bank of Manasi Ganga. The Harideva temp le and the Manasi Devi temple are usually the first places to be visited when doing Govardhana parikrama (a religious ritual). Chakaleswara Mahadeva temple and Sanatana Gosvami's Bhajana Kutir are usually visited after going half way around the hill. The Mukharavinda temple is usually visited after finishing the Govardhana parikrama.
Geographic features of the lake
The latitude of Mansi Ganga Lake is 27°29′55.91″ N., the longitude is 77°27′49.13″ E., and the altitude is about 185 m above MSL. The catchment area is about 150 ha with lake area 
Methods and materials
The samples were collected for the analysis of physic, chemical and biological parameters. Seven sampling locations are shown in Figure 2 . The analysis of SD, TN, TP, chlorophyll 'a' and other parameters were performed as per IS and APHA methods (Clesceri 1988) . The TSI was calculated by standard equations given above. The TSI based on Carlson's and Indiana method is given in Table 4. Tables  5, 6 , 7 and 8 give the data of sampling done during 2006-09 at different times alongwith average TSI of lake based on Carlson's Index. The average values of TSI of Tables 5, 6, 7 and 8 were computed using Carlson's equation to get the TSI of lake. A geographical comparison on the Carlson and Indiana TSI is shown in Figures 3 and 4 and the results are reported in Table 9 .
Results and discussions
The lake is getting polluted over time. The lake was initially oligotrophic which has gradually changed to mesotrophic perhaps due to the increased anthropogenic activities in the catchment. The lake becomes slightly oligotrophic during II sampling and finally becomes eutrophic during pre-monsoon 2009 sampling due to increased addition of pollutant/contaminants and draining of lake water for conservation purposes. The results indicate that both TSI can be applied to Indian lakes as both gave the same TSI of MGL. It may be concluded that both the systems can be very well used to assess the TSI of a given water body. Once the TSI and sources of pollution are qualitatively and quantitatively assessed, the conservation techniques to be applied can be planned and implemented.
Restoration and Revival of Lakes
Eutrophication is one of the most serious problems affecting the quality of water in multi-reservoir systems. The increase in nutrients leads to greater productivity of the aquatic plants that may lead to excessive increase in algal biomass or other primary producers such as macrophytes. Excessive algal biomass can seriously affect the water quality, especially, if it creates anaerobic conditions. Therefore, even when using a simplified approach in a mathematical optimization tool, there is a requirement to include water quality indices associated with the trophic state of reservoirs (Carlson 1977) .
As stated above, eutrophication of a lake system is gradual progression from one life stage to the another based on the changes in the degree of nutrient input or productivity. The cultural eutrophication can significantly alter the rate of natural process and shorten the life expectancy of the affected water body. Recently, there has been significant efforts being made in India to protect, rehabilitate and restore lakes and impoundments contributing to the country's water resources. Two types of conservation measures are adopted: Control of pollution at source and inlake treatment and control measures. The former concerns with the removal and control of point sources, diversion of nutrients and control of non-print sources while the later deals, with the treatment and control measures like dredging, nutrient inactivation/precipitation, dilution and dispersion, artificial destratification and hypolimmetic aeration, sediment exposure and desiccation, harvesting, chemical/biological control of nuisance organisms, etc. Depending upon the eutrophication state and sources of pollution, one or more techniques alone in combinations can be employed for lake restoration. In MGL, the conservation measures like desilting, chemical treatment followed by removal of water, collection and treatment of sewage through STPs, installation of aeration system etc have been planned and are being implemented to revive the lake.
Conclusions
In view of growing pollutional stresses in lakes, the TSI of a lake can be assessed using Carlson's and Indiana TSI methods. These most important have been applied on MGL to asses its trophic state. The results of sampling at seven locations during 2006-09 indicated that the lake has approached to eutrophic state and conservation measures like control of point sources and in lakes treatment methods are being implemented to revive the lake. 
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